trends in acute MI care. 7 Using this registry, we describe the effect of distance and mode of transport on reperfusion times of patients presenting to non-PCI hospitals in the United States who are subsequently transferred for primary PCI.
Methods

Data Source
The ACTION Registry-GWTG is a nationwide, ongoing, voluntary quality improvement registry sponsored by the American College of Cardiology and the American Heart Association that focuses exclusively on patients with myocardial infarction. Details of the design and conduct of the registry have been previously described. 7 Definitions for the data elements of the registry are available at https://www.ncdr. com/webncdr/action/home/datacollection. The NCDR also has a data quality program, including data abstraction training, data quality thresholds for inclusion, site data quality feedback reports, independent auditing, and data validation. 7 Data auditing has demonstrated accurate representation with good agreement with chart review. 8 This registry was either approved by an institutional review board or considered quality assurance data and not subject to institutional review board approval based on individual site determinations. 7 The ACTION Registry-GWTG serves as the hospital data collection and evaluation mechanism for the American Heart Association's Mission: Lifeline STEMI program. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate deidentified data for research purposes.
Patient Population
The initial study population included all STEMI patients reported to the registry from July 1, 2008, through December 31, 2012, from 649 sites (n=133 609). Patients were sequentially excluded if they remained in or were transferred to hospitals without PCI capability (n=2605 with 66 sites), arrived directly to a PCI center (n=88 056), were diagnosed with STEMI on a subsequent ECG or had a missing ECG (n=5390), had missing mode of transfer (n=150), had missing arrival time to the Non-PCI hospital (n=52), did not receive reperfusion or had a missing reperfusion status (n=6397), received fibrinolytics (n=8341), transferring facility with zip code data only (n=1207), had missing driving distance from the non-PCI hospital to the PCI center (n=2805), and first medical contact to primary PCI >12 hours (n=204). In addition, patients in whom the distance from non-PCI hospital to the PCI center was <1 mile (n=669) were excluded because this was thought to represent data entry errors, and those in whom the transfer distance was >150 miles (n=689) because we thought this would skew the results for this tertile. The final population included 17 052 patients from 413 US hospitals. Characteristics of the patients excluded because of missing transferring facility with zip code data only or missing driving distance from the non-PCI hospital to the PCI center were similar to our analysis population, except that they were significantly more likely to be transferred by ground, more likely to be male, less likely to be a current/recent smoker, and less likely to have heart failure or shock ( Table I in 
Definitions
Mode of transport from the referral (non-PCI) to the receiving (PCI) hospital was defined as ground or air, where ground consisted of ambulance or mobile intensive care unit. Driving distance and travel time were calculated through repeated requests to the Google Maps Web page and using version 9.2 of SAS. The physical address of both the non-PCI and PCI hospitals were used for each calculation. Additional information is provided at http://www.sascommunity. org/wiki/Driving_Distances_and_Drive_Times_using_SAS_and_ Google_Maps. Distance was further categorized into ≤20, 20 to 40, and >40 miles. The choice of increments was based on using whole number separations and resulted in nearly equal groups. Door in/Door out (DIDO) time was defined as the time from patient arrival to leaving the referral (non-PCI) hospital. The time from leaving the non-PCI hospital to arriving at the PCI center was defined as the transport time. The time from arriving at the non-PCI hospital to arriving at the PCI center (D1D2) combines the DIDO interval and the transport interval. First door to primary PCI time (FD2B) was defined as the time interval from arrival at the referral hospital to primary PCI.
Statistical Analysis
Patient baseline characteristics, timing of treatments, and interhospital transfer and distance were compared between patients transported by ground and air for the overall population and stratified by the 3 distance categories. The same analysis was repeated excluding patients who had documented nonsystem delays to primary PCI.
Continuous variables were presented as medians with 25th and 75th percentiles, and categorical variables were expressed as percentages. P values were generated using Wilcoxon's rank-sum tests for continuous variables and χ 2 tests for categorical variables.
Statistical significance was defined as P value <0.05. Analyses were conducting by NCDR data analysis center at the Duke Clinical Research Institute (Durham, NC) using SAS version 9.3 software (SAS Institute, Cary, NC).
Results
Baseline Characteristics
From July 1, 2008, to December 31, 2012, 17 052 STEMI patients who were transferred to 413 PCI hospitals across the United States were included. Patients in the air transport group were more likely to have heart failure (7.6% versus 6.3%; P=0.002) and shock (8.8% versus 7.0%; P<0.001). Other demographics and medical history characteristics were relatively similar between the 2 patient groups ( Table 1 ).
Mode of Transfer and Distance to PCI Hospital
The distribution of transfer distances is shown in Figure 1 . The median distance between the referral hospital and primary PCI center was 31.9 miles ( Figure 2 ). Approximately 27.4% had a transport distance within 20 miles of a primary PCI hospital, whereas 34.8% exceeded 40 miles. The median
WHAT IS KNOWN
• Decreasing the time from diagnosis to reperfusion for ST-segment-elevation myocardial infarction (STEMI) patients improves outcomes; however, the interfacility transfer of STEMI patients presents added challenges.
WHAT THE STUDY ADDS
• Even with the use of air transport, few transferred STEMI patients achieve a recognition to reperfusion time within current guidelines.
• Extended Non-PCI hospital door-in-door-out time remains a substantial source of delay at all distances and may largely offset any benefit from air transfer.
• Efforts at regionalization of STEMI care and improved Non-PCI hospital door-in-door-out processes may improve the timely transfer of STEMI patients and better meet current recognition to reperfusion guidelines. distance was 25.2 miles (interquartile range [IQR] 13.3, 36.5) for patients transported by ground to a primary PCI center compared with 43.9 miles (IQR 31.5, 61.1) for air-transported patients ( Figure 2 ).
Air transport was used less frequently overall, 36.8%, compared with 63.2% for ground transport. At distances <20 miles, ground transport was more commonly used, whereas at distances beyond 40 miles, air transport predominated.
The median total time between non-PCI hospital arrival and primary PCI was 118 minutes (IQR 95, 152). Times were significantly longer for the patients transported by air than patients transported by ground (median time 124 [IQR 103, 155] versus 113 minutes [IQR 91, 149]; P<0.001; Table 2 ). Median FD2B was slightly shorter for the ground transport group at distances ≤20 miles (ground, 101 minutes versus air, 105 minutes; P<0.001); however, beyond 40 miles, air transport was slightly faster (air, 133 minutes versus ground 139 minutes; P<0.001; Table 3 ). Overall, 52.8% patients had an FD2B ≤120 minutes, whereas only 20.1% had an FD2B ≤90 minutes. The air cohort less frequently achieved an FD2B ≤90 minutes (12.6% air versus 24.5% ground; P<0.001) and ≤120 minutes (45.6% air versus 57.0% ground; P<0.001) compared with the ground group (Table 3) . Regardless of transfer distance to the PCI center, FD2B times of ≤90 minutes were not commonly achieved, even at distances ≤20 miles. There was no statistically significant difference between the transport groups in achieving FD2B ≤120 minutes at any distance.
Time Components
Approximately half of patients transferred by ground <40 miles had a DIDO time <45 minutes, the Mission:Lifeline systems goal, although only a minority were within 30 minutes, the Centers for Medicare and Medicaid Services' guideline measure. The overall median non-PCI hospital DIDO time were significantly faster for ground as compared with air transport [ground, 45 minutes (IQR 31, 70) versus air, 61 minutes (IQR 45, 84); P<0.001) as well as for the 3 distance groups (Table 3; Figure 3 ). As would be expected, median transport time was faster for air transport at all distances than for ground transport, with the difference increasing with longer distance (21 [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] versus 25 [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , ≤20 miles; 36 versus 51 , >40 miles). At distances ≤20 miles, D1D2 time was faster for ground transport, was equivalent for distances between 20 and 40 miles, and faster for air transport for distances >40 miles. After arrival at the PCI hospital, median door to balloon time was 28 minutes and was similar for all distances and modes of transport. Driving time represents the additional pre-PCI hospital time if emergency medical services (EMS) bypassed the non-PCI hospital and continued on to definitive care. As expected, this period increased with greater transport distance. Patients transported ≤20 miles would have required an estimated median additional time of 19 minutes to bypass the non-PCI facility for the treating center. Beyond 40 miles, bypass would require significantly more time [median ground 61 minutes (IQR 54-78) versus median air 65 minutes (IQR 56-82)]. Actual transport time beyond 40 miles for the air cohort was a median 36 minutes (IQR 27-47).
There was no significant difference for in-hospital mortality among the distance groups (4.0% ground versus 3.3% air for patients transported ≤20 miles; 3.7% ground versus 3.8% air for 20-40 miles; and 4.9% ground versus 5.1% air for >40 miles).
Time Differences for Optimal Candidates for Early Reperfusion Treatment
There were 15.3% of patients who had reported nonsystems delays. The most common reason was cardiac arrest or need for intubation. After exclusion of these patients (n=2613), most time intervals had a decrease in median time by ≈2 to 4 minutes when compared with similar time intervals when all patients were included, with no significant change in the results (data not shown). Exclusion of patients who had cardiogenic shock was also associated with a similar, small reduction in median FD2B times of 1 to 2 minutes when compared with similar time intervals when all patients were included (data not shown).
Discussion
We found that regardless of the distance or mode of transport between receiving and referring hospitals, patients frequently failed to achieve the guideline-recommended goal of a recognition to primary PCI time of ≤120 minutes, despite the fact that the median distances between the referring and receiving hospitals were relatively short. Helicopter transport was not associated with shorter FD2B times, even for distances >40 miles.
The significant improvements that have been made in meeting guideline-recommended reperfusion times for STEMI patients 9,10 have not been as successful for those who require transfer for primary PCI. Despite substantial improvement, 11 our results indicates that FD2B time for many transferred patients remains longer than currently recommended 1, 12 Although the effect of D2B time on mortality seems to be attenuated with faster reperfusion times, 13 times >120 minutes, frequently seen with patients requiring transfer for primary PCI, have been shown to be associated with higher mortality. 14, 15 Because EMS transport time to the referral hospital was not available for most patients, our study likely underestimates that FMC2B (first medical contact to balloon) time for many patients. 1, 12 Our results reinforces the need for continued focus Histogram of the distances between the Non-percutaneous coronary intervention (PCI) hospital and PCI center. The median (25th and 75th percentiles) transport distance between the non-PCI hospital and PCI center was 31.9 miles (19.1 and 47.9 miles).
on reducing system-based delays for patients requiring transfer for primary PCI.
We found that the distance between the referring and receiving hospitals was surprisingly short, a median of 31.9 miles, with 27% of patients having a transfer distance of ≤20 miles. The overall estimated drive time from the non-PCI to the PCI hospital for all patients was 39 (25, 56) minutes. Our findings are consistent with prior investigations that estimated that nearly 80% of the United States population lives within 60 minutes of a PCI hospital. 16, 17 Of patients living closer to a non-PCI hospital, 74% was estimated as being able to bypass that facility and reach a PCI center in <30 minutes. 16 The conventional treatment paradigm has been to transport the STEMI patient to the closest hospital, without consideration of primary PCI capability. However, this seems to prolong time to reperfusion with no significant benefit. 18, 19 Despite having a short transport distance, FD2B times were often prolonged, as approximately a third of patients having a transport distance of ≤20 miles had an FD2B that exceeded 120 minutes. Using a more strict 90 minute FD2B goal, which allows for an estimated 30 minutes for prehospital care, only 20% of all patients had an FD2B ≤90 minutes. The widespread availability of PCI centers with relatively short travel times from non-PCI hospitals suggests that there should be greater emphasis on prehospital STEMI diagnosis and EMS bypass protocols with transport to a designated PCI center.
Demonstration programs have shown that EMS identification and subsequent diversion of patients with STEMI for PCI are safe and effective, [19] [20] [21] substantially decreases total time to reperfusion, and may reduce mortality. 19, 21 For example, in one study, although patients taken directly to a PCI center had longer transport times (42 versus 26 minutes), FD2B time was still 68 minutes shorter, and more than twice as many patients had an FD2B ≤90 minutes, compared with patients taken to a non-PCI hospital first. 22 Although primarily studied for shorter distances, 19 the prolonged D1D2 time we observed suggests a role for extending bypass protocols to longer distances. The distance at which EMS bypass protocols should be used will vary based on road conditions and traffic. One interventional study found that the use of local ambulances for transfers <50 miles was effective. 20 In environments where ground ambulance resources are limited, rendezvous with another ambulance with hand-off between EMS providers, use of air medical resources to transport from the non-PCI hospital without entering the ED, or directly from the scene to a PCI center may be practical and effective options. These options should be considered in the context of local EMS protocols and the regionalization of emergency care.
Non-PCI Hospital DIDO Time
Of the time components that make up the FD2B time, improving DIDO time likely represents the greatest opportunity for improvement. This is important because DIDO times >30 minutes have been found to be independently associated with increased mortality. 23 However, prolonged DIDO times remain problematic and only a minority of patients meet the Centers for Medicare and Medicaid Services' standard and current STEMI guideline recommendations of a DIDO time ≤30 minutes. 23, 24 The DIDO times we found, a median of 52 minutes (IQR 35-76), although prolonged, are substantially shorter than that in prior reports. 23, 24 Helicopter Transport Even if bypass protocols for patients within a short distance of STEMI centers could be successfully implemented, there will always be a significant minority of patients, predominately living in rural areas, where bypass protocols are not feasible. However, patients transferred by helicopter had FD2B times that were prolonged and provided only modest, nonsignificant improvements in FD2B time for distances beyond 40 miles. A common perception is that helicopter is significantly faster than ground transport [25] [26] [27] However, our data are consistent with others that found air transport frequently exceeding guideline recommendations 21, 25 Even for patients transferred >40 miles, the 15 minute faster transport time for patients transferred by helicopter compared with ground (median 36 versus 51 minutes, P<0.0001) was offset by the significantly longer DIDO time (65 versus 55 minutes, P<0.001) and failed to significantly improve the percentage of patients achieving FD2B ≤90 or ≤120 minutes compared with ground transport. The higher rates of helicopter transport for patients with heart failure and shock may explain some but not all of the delays.
As with ground transfers, DIDO time remained a significant factor in prolonging the pre-PCI hospital period for helicopter-transferred patients. Although likely multifactorial, one reason may result from delays in requesting helicopter transport. 25 A systematic approach for transfer patients, with interventions aimed at streamlining helicopter activation processes with more rapid dispatch, has successfully reduced time to primary PCI, 28 resulting in the majority of patients meeting goal FD2B times (≤90 minutes in 53% of patients and ≤120 minutes in 83% of cases). 28 Despite the associated delays, several trials have suggested a benefit of transferring patients with STEMI from the non-PCI hospital to a PCI center for primary PCI. 29, 30 However, as seen in our study as in others, 5 transfer times are frequently prolonged, which may negate the advantage of primary PCI. 31 In the absence of contraindications, early administration of fibrinolytics with urgent transfer remains an important option, particularly in those patients presenting early after MI onset, 32 and is currently recommended for those who are unlikely to achieve an FD2B in ≤120 minutes. 1 Delays in treating patients with fibrinolytics in part may be because of indecision on the treatment strategy. 33 Optimizing protocols in which transfer processes are prespecified are critical to reducing these delays. 18
Systems of Care
The significant delays in treatment for transferred STEMI patients remain an ongoing challenge. The continued prolonged time to treatment, despite short transfer distances, underscores the importance of optimizing regional networks for STEMI systems of care. Adoption of EMS processes recommended by American Heart Association's Mission:Lifeline program, 34 such as prehospital ECG performance, paramedic and EMS provider education on ECG interpretation, bypass protocols, and direct transfer of patients to PCI hospitals, have the potential to substantially reduce time to reperfusion. 20 Such integrated systems of care based on direct EMS transport of STEMI patients to high-volume PCI centers has shown promise 23, 35 and have demonstrated success even when serving extensive rural areas, achieving FD2B times significantly below the national average. 18, [35] [36] [37] Multiple efforts to regionalize revascularization services have demonstrated that further improvements are possible at a state-wide level, resulting in a decrease in FD2B time to 103 minutes, with 39% of patients achieving FD2B ≤90 minutes. 38
Limitations
Our study has several limitations. Because EMS times to the referral hospital were not available for most patients, we used the first door time for the initial contact time, which will likely underestimate the total time to primary PCI. We excluded patients in whom we could not determine the transfer distance, which may affect our conclusions. We were not able to determine the reason for the choice for ground versus air transport or if patient acuity affected the mode of transport. We did not assess if the receiving center was the closest hospital to the referring hospital. Our analysis is limited to transferred patients who received primary PCI. Information on patients who were transferred with the intention of undergoing primary PCI but never received it and those who died during transport before primary PCI could be attempted were not available. Therefore, our analysis should be acknowledged to be a descriptor of the quality of care achieved (timing of PCI) for the population who actually underwent primary PCI. We included only hospitals participating in this registry and, therefore, may not be representative of all US PCI hospitals.Our analysis is limited to patients who received primary PCI at an ACTION Registry-GWTG hospital. Patients who were transferred with the intention of undergoing primary PCI and never received it or those who died during transport before primary PCI could be performed were not included. We included only hospitals participating in this registry, and therefore may not be representative of all US PCI hospitals. We did not have information on outcomes that occurred after discharge. Because data used for our study is self-reported, there is a potential for errors. However, before inclusion in the registry, data are filtered through the registry-specific algorithms that require predetermined levels of completeness and consistency for submitted data fields as part of the data quality report. A recent report indicated a high degree of agreement. 8 Using Google Maps to model transport time has several limitations, including failure to account for situations, such as volume of traffic, car accidents, inclement weather, or road conditions. This distance calculation also differs from the straight-line distance between the 2 facilities.
Conclusions
Inter-hospital transfer for primary PCI is associated with prolonged reperfusion times, despite increased use of air transport for longer distance transfers. These delays should prompt increased consideration of fibrinolytic therapy use before transfer by some hospitals. Conversely, given the relatively short distance most patients live from a primary PCI hospital, greater emphasis on EMS hospital bypass protocols should be considered.
